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determinations of the orbit of the satellite to this planet have 
been made during the period 1848-1898, but, owing to the 
position of the planet and the plane of the orbit, many of the 
earlier observations are very discordant, and it was only on 
publication of the results obtained with the 26-inch at Wash¬ 
ington that the certainty of change in the position of the orbit 
plane was manifest (Washington Observations, 1873, 1881, 

Appendix i.). Marth first drew attention to the changes as 
being too-great for systematic errors, but attempted no explana¬ 
tion as to their cause (Monthly Notices, vol. xlvi. p. 504), and 
finally Tisserand used his data to show that the phenomenon 
could be explained by the assumption of a moderate polar com¬ 
pression of the planet (Comptes rendus, vol, cvii, p. 804). In 
calculating the perturbation Prof. Brown neglects the action of 
the sun and other planets, as the chief effect is undoubtedly 
due to the equatorial protuberance on Neptune itself. He 
therefore analytically obtains the elements of the satellite’s 
orbit with respect to the invariable plane of the planet’s 
equator, along which the node of the former moves with a 
uniform retrograde motion, the inclination of the two planes 
remaining constant. 

The variations of these elements at the various epochs then 
furnish data for computing the annual motion of the node of 
the orbit of the satellite on the equator of Neptune as seen from 
the earth. The elements finally obtained indicate a period of 
revolution of the node in 531 years. At the epoch 1900 o the 
position angle of Neptune’s polar axis will be i 58°’4, and the 
plane of its equator will make an angle of -2i”’6 to the line 
of sight. 

Taking the value i" p io as the most probable radius of the 
planet from recent observations, and the mean distance of the 
satellite as i 6"'3 o 8, the flattening of Neptune is found to be 
about 1/43. This would indicate a low mean density for the 
planet, the value given being 1 '83 times that of water. 


THE RELATIONS BETWEEN ELECTRICITY 
AND ENGINEERING> 

HPHE nineteenth century is distinguished in our profession 
•*- chiefly by the knowledge we have obtained of the consti¬ 
tution of matter and of the qualities of the materials we utilise 
for the service of man, of the presence and the characteristics 
of that medium —the aether— which fills all space, and of the 
existence, indestructibility and protean character of that great 
natural source of force, motion, work and power which we call 
— energy. 

Electricity is only one of many forms of this energy. It is 
measureable in well defined and accurately-determined units. 
It is produced and sold, utilised and wasted. It is, therefore, 
something distinctly objective. It has even been defined by 
Act of Parliament. There are four great principles underlying 
the practical applications of electricity : — 

(1) The establishment of a magnetic field. 

(2) The establishment of an electric field. 

(3) The disturbance or undulation of the aether. 

(4) The work done by the generation and maintenance of 
electric currents in material systems. 

Electricity as a science is fascinating to every one, but it is 
deeply fascinating to the engineer. The trustworthiness of its 
laws, the accuracy of its measurements, and the comoleteness and 
definiteness of the units to which its measurements are referred 
give him confidence in his estimates and a certainty of the per¬ 
formance of his preconcerted operations. It places in his hands 
the means of directing the energy out of sight in positions known 
only to himself, and of applying it with great efficiency at the 
exact spot desired. No magician or poet ever conceived so 
potent a power within the easy reach of man. 


The Doing of Work. 


The maintenance of an electric current through a conductor 
means the expenditure of work upon that conductor, and this 
expenditure of internal work means molecular motion. In solid 
conductors, the result is heat. If the current be gradually in¬ 
creased, this motion is similarly increased. The result .is suc¬ 
cessively incandescence, white heat, fusion and disruption. 


1 Abridged from the “ James Forrest ” Lecture delivered at the Institution 
of Civil Engineers, oh 1 April 23, by Sir William Henry Preece, K.C.B. 
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In liquid^conductors the motion probably becomes revolution. 
The result is decomposition by the activity of the centrifugal 
force overcoming chemical affinity. The atoms fly away in fixed 
determined lines, and collect at opposite poles. 

In gases the transference of electric energy in the form of 
sparks means dissociation. Compound gases are broken up into 
their component elements under the same directing influences. 
Work is done upon the gas as in the previous instances. 

The principle of work that lies at the very root of the pro¬ 
fession of the engineer enables all these operations to be 
measured in definite mechanical units, reducible to the common 
English standard, the foot-pound , but which the electrical 
engineer, with greater precision, refers to the scientific unit of 
work—the Joule . 

The Purification of Matter. 

The elements and their useful compounds are rarely, if ever, 
found pure. Impurities have to be sifted away. Ores, raw 
produce, rocks and earths have to be subjected to various 
processes of refining and conversion to extract from them that 
which is wanted. The electric current by the above operations 
has proved to be a powerful agent to break up crude materials 
into their useful and useless constituents. The electro-chemical 
industries of the world are very extensive. 

According to Prof. Borchers, the eminent electro-metallurgist, 
the world manufacture of calcium carbide for the production of 
acetylene gas is utilising a power equal to 180,000 HP. ; that 
of the alkalies and the combinations of chlorine for bleaching, 
56,000 HP. ; of aluminium, 27,000 HP. ; of copper, 11,000 
HP. ; of carborundum, 2600 HP. ; and of gold, 455 HP. 
Electroplating is one of the staple manufactures of Sheffield and 
of Birmingham. There are nearly 200 firms working at the 
former place, and over 100 at the latter. 

The decomposing bath and the arc furnace are revolutionising 
many industries. Phosphorus is now being produced in England 
in large quantities from corundum, and aluminium from bauxite 
is extending in use and being reduced in price. The Post 
Office is using aluminium for telephone circuits. I have recom¬ 
mended its use on a very large scale in the interior of Africa, 
where transport is so costly. We can get the same conductivity 
as with copper with half the weight, and at a less price, and we 
can put up a line telegraphically ten times better than of iron 
for less money. 

The Annihilation of Space. 

The elements of Volta and the battery of Galvani—zinc, 
copper and a solution of sulphuric acid—gave a convenient 
generator of electric currents which could be directed along 
wires to great distances, and thus, by establishing magnetic 
fields, could deflect needles in such a way as to form the 
alphabet and so transmit words and, therefore, thought. In 
wires of great length, while the initial speed is that of light, it 
takes time for the electric waves to rise and fall, so that the 
number of currents which can be sent per second is limited. 
Between London and Liverpool the speed of speaking is 
virtually unlimited, but between Ireland and America it is 
restricted by the so-called capacity of the cable submerged in 
the ocean. This capacity absorbs energy and retards the rate 
of rise and fall of currents. While a thousand currents per 
second can be sent in the former case, only six per second are 
available in the latter. 

Nevertheless, sitting on the shore of the Atlantic in Ireland, 
one can_ manipulate a magnetic field in Newfoundland so as to 
record simultaneously on paper in conventional characters 
slovvly written words. Thus we have bridged the ocean and 
annihilated space. 

The regulation of the ever-growing traffic on our railways and 
the safety of passengers is secured by similar means. The tele¬ 
graph not only places the manager of the line in communication 
with every station upon his system, but electric signals control 
the motion of every train. A railway signal-box is an electrical 
exhibition. Every line is protected by its own electric signal. 
Every distant outdoor mechanical signal is repeated back. The 
danger signal is locked, and cannot be lowered to “ line clear ” 
until it is unlocked by the train itself or by the distant signal¬ 
man. Mr. F. W. Webb is not only working the outdoor signals 
themselves by electrical energy, but he is moving the points and 
switches, by the same means. So far, the experience gained at 
Crewe during a period of about twelve months, from the working 
of a signal cabin containing about sixty levers, has been such as 
to; justify confidence and the extension of the system, and some 
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fen cabins containing about 1000 levers will be piovided. The 
apparatus has been designed to work in with, as far as possible, 
the standard signalling apparatus of the London and North- 
Western Railway. The interlocking frame may be said to be tlie 
ordinary mechanical frame in miniature, occupying one-third of 
the space. The levers—about 6 inches in length—are placed in 
two tiers, and are manipulated in the same way as the levers of 
a mechanical frame ; consequently the signalman accustomed to 
the old type has nothing to learn in the new. The levers are 
mechanically locked by means of tappet locking, and they con¬ 
trol carbon switches by which the uo-volt electric current is 
transmitted to the motors. 


of an electrical system is rarely less than 75 percent., while 
that of shafting is frequently as low as 25 per cent. ; but the 
economy is the continuous waste of the latter that tells on the 
coal bill, while in the electrical system there is no such waste. 
The motor runs when it is wanted, and expends only what 
energy is wanted for tlie particular work to be done. Electrical 
measurements are so exact and so easily applied that automatic 
records can be obtained of the work done; by <nch machine. 

Every up-to-date shop should have its electric plant for healthy 
light, cheap power and handy distribution of material. Its 
economy is demonstrable in the smallest, but in the largest 
shops it is at once most marked. It is always available, and it 


The object of this electric working is primarily to reduce the j costs little. Ignorance or timidity restricts its use very much, 
manual labour of the signalman, and enable him to pay more 1 The number of works that are run by electric motors in different 
attention to the movements outside his cabin ; increased speed j parts of the country is very large indeed. The efficiency, handi- 
of working ; the removal of obstructions on the ground caused ; ness and economy of doing so is so marked that the practice is 
by the numerous wire and rod connections necessitated by the I extending with great rapidity. Motors themselves are being 
present sjsiem ; and, finally, a reduction in the number of • daily improved. 

signalmen employed. Thus electricity adds to the security of | On the Clyde and the Tyne, and indeed wherever shipbuilding 

lif#, T* cnr.tUw.<> fVw> ..—i .u_ , js flourishing, there we find electrical energy driving machine 

| tools, holding up plates, and assisting in various processes. In 
[ many large machine works, cranes and travellers are worked 
i by it. 

| At Boston, U.S.A., crossing the Charles River and uniting 
Charlestown, the scene of the famous battle of Bunkers Hill, 

i_ i _._ - _ .... t . • i .. __ r. . • . . 


life. It supplies the railway man with a new sense, and the 
engineer with a new power. 

The abridgment of time necessarily follows from the anni¬ 
hilation of space, but the chief element which saves our time so 
much is the fact that we can, by electricity, do so much more 
from one spot. Indeed, in the United States the railway com¬ 


panies complained that their revenue Ixnwcen New York and I with its head-quarters, is a new bridge ioo feet wide and 1920 


Chicago suffered through the introduction of the telephone, 
People remained at home and did their business by wire. 

It is very curious when visiting the United States to find that 


feet long, having a draw of 240 feet span, weighing 1200 tons. 
| This draw is opened and closed by electric motors. 

In the Post Office we have introduced electric motors very 


their morning papers contain extracts from our London evening I largely. At Leeds they are used for driving pneumatic pressure 
papers of the same day. One frequently receives messages in and vacuum pumps, employed thereto work the pneumatic tube 
England that were sent off to-morrow. This is due to tlie I system. They are also used for working automatic stokers, 
difference of longitude. • ventilating fans and lifts, 

Wireless telegraphy, or, as it is better termed, mtheric tele¬ 


graphy, has made but small progress, owing to the simple fact 
that the demands for its services are so very few. 

'J vans mission of Power . 

The sun is \hc fons et origo of all the available energy upon 
the surface of the earth. Coal and oil are extracted from its 
crust ; oxygen is found in its atmosphere. Grasses, corn, fruits 
and vegetables become food and fuel for beast and man. 
Waters are converted into vapour, forming clouds, rain, brooks, 
rivers, torrents and falls. ' T " . 


Traction . 

It is for traction purposes that electricity is making such 
1 gigantic strides. In the United States tramway working by its 
means has become practically universal. In the United Kingdom 
| it is making rapid way, and in connection with electric lighting 
it is giving great economical results, 
j Electric railways are also growing apace. A bold attempt is 
being made by the Metropolitan Railway to work the existing line 
| in such a way as not to interfere with the existing traffic or even 
with the permanent way. A new train of six coaches weighing 180 


, , / a ] s * atmosphere is disturbed by wind, 1 tons, having a motorcar at each end weighing ^4 tons, is about to 

and the waters of the ocean by tides. Energy is thus found run between Earl’s Court and High Street, Kensington. Electric 
a\ai a de for useful work in many different forms. The problem j traction has an immense advantage over steam traction in impress* 
>e ore the engineer is how to select the best form of energy for his j ing a continuous and uniform torque or turning moment on the 
purpose, and how to utilise these waste energies of Nature so as shaft, and consequently a continuous and uniform effort on the 
to secure the best economical result, balling water can, by a | trend of the wheel. The action of the steam locomotive is inter¬ 



im • ' T-* .r 1 , rR _ —■•«' . iiiuciucs me aiiciciauuu su iiiiti a imm acquires iis maximum 

etween Deptford and Trafalgar Square. It can thus be trans- | speed much more quickly. We shall increase the mean speed 
nutted to any reasonable distance, and there it can be utilised to : of the Metropolitan trains front u miles per hour to 15, and 
he waste^ forces of Nature are thus within our | thereby increase the capacity of the line over 30 per cent. The 


do useful work. 


reach. The waterfalls of the Highlands may work the tram¬ 
ways of Glasgow ; Niagara already works those of Baltimore. 

The economy of this system for large industries is a question 
of the relative cost of the generation of energy by other means, 
lsriergy on the coal-fields can be produced cheaper by burning 
coal than by any water scheme that I have yet examined in this 
country. I he price and abundance of coal renders the trans- : 
mission of energy to great distances at present a very limited I 
question indeed. Where coal is scarce and dear and water I 
abundant, as in Switzerland, water-power is very much utilised. 1 
Where coal is abundant and cheap, as in England, it is un- I 
economical to adopt it. The transmission of power within 
limited areas by electricity in our cities is now within the range 
of practice. In Edinburgh it is supplied at the rate i]z/. per 
unit ; this is 0*83 d. per HP. hour. It is invaluable for small 
industries. It is there ready to be used when it is wanted ; it 
wastes nothing while idle. 

The economy and efficiency of distributing power over mills, 
factories and workshops by electricity instead of by shafting, 
gearing and belts, is so pronounced that the change is being 
effected in every country with great rapidity. If it were a 
question of the mere efficiency of the two systems, the advantage 
of the change would not be so obvious ; but it is shown by the 
HP.-hours expended, which means the coal bill. The efficiency 
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stoppages on the underground railways arc so frequent that the 
trains are always either accelerating or stopping. They never 
reach their top speed as they do on main lines. Electric traction 
enables them to start quicker and stop more promptly. On the 
Metropolitan the iSo-tnn train acquired 20 miles an hour in 
200 feet, and, when going at the same speed, it was stopped in 
130 feet—half its length. Smart work on such a railway depends 
on the rate at which trains can be emptied and filled. The 
English system of compartments and side doors facilitates this. 
It would be still further expedited if we could have one 
platform for entry and one (or exit, and one class only. 

The Liverpool and Manchester Lightning Express Railway, 
promoted by a very powerful representative syndicate of those 
two great commercial centres to carry out the scheme of Mr. 
Behr, is a very bold and promising venture. The line is to be 
monorail, 34 miles long, direct between the two cities, without 
any intermediate station and with n<> crossing. There are to be 
cars every 10 minutes. The speed is to be 100 miles per hour, 
and the time of transit 20 minutes. I know of no reason why 
this should not be done with safety and comfort. 

The automobile car of the future has not yet seen the light. 
It will be electrical. Immense progress has been made in 
motors and in batteries, i.undel! has shown how to store up 
the energy now wasted in descending hills, and to recover some 
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of that absorbed by the inertia of the car. Although a battery 
has already been able to drive a car iod miles with one charge, 
we are waiting patiently for the real automotor storage cell. 

Electricity in War. 

A strong contingent of electrical engineers, under the com¬ 
mand of Major Crompton, has volunteered for service in South 
Africa. They are all scientifically-trained practical young 
engineers. Bicycles, field telegraphs, telephones, arc and glow- 
lamps, cables, search-lights, traction-engines and generating 
plant will be under their care. It is strongly hoped that we 
may soon hear good accounts of their performances at the 
front. 

Electricity has been extensively applied to the development 
and utilisation of explosives in both the civil ant] military divi¬ 
sions of our profession. Charges are safely fired under water 
and blasted in mining and demolition operations by small 
exploding dynamos, magnetic-electric machines or induction 
coils acting upon high tension fuses. Sir Frederick Abel has 
especially distinguished himself in this direction. His fuse, 
composed of phosphoride and subsulphide of copper, is univer¬ 
sally used by our War Department. Time guns are thus fired 
at stated hours a*, different sea ports by currents originating in 
Greenwich Observatory. Broadsides in battleships and guns in 
turrets are similarly discharged. Torpedoes are even directed 
by currents from the shore. The defence of our coasts by sub¬ 
marine mines and their explosion by currents when the enemy’s 
ships are properly located by position-finders is the last develop¬ 
ment of the application of electricity to war. 

Electrical blasting has revolutionised the operations of tunnel¬ 
ling and driving galleries. It is much used in quarrying with 
great security to the men. The deepening of harbours and 
channels, and the removal of obstructions such as wrecks and 
rocks, are facilitated. On September 23, 1876, 63,135 cubic 
yards of solid rock were completely demolished by one discharge 
at Hell (iate in East River, New York. The preparation for 
this great blast took four years and four months. There were 
4427 charged holes, each containing its mercury fulminate fuse 
and charges of dynamite. There were 49,914 explosions used 
in that one blast. Batteries were used to generate the currents, 
and they were arranged in large groups. Each battery exploded 
160 charges. This was the record blast, 

The battleship is the home of electricity. It controls the 
rudder, it ventilates the interior and the living space of the 
ship, it forces the draught and assists the raising of steam, it 
revolves the turrets, it trains and controls the fans, it handles 
the ammunition, it purifies the drinking water, it lights up the 
ship internally, it enables the captain to sweep the horizon with 
the brilliant rays of the search-light, and to communicate with 
his tender or with his commanding officer across space inde¬ 
pendent of weather, night, season, fog or rain. 

Sanitation. 

No branch of our profession fulfils the true function of the 
engineer more efficiently than that which deals with sanitation. 
Pure air, pure water, pure food, pure soil, pure dwellings, and 
pure bodies are the panacea for health and comfort. Electricity 
helps us very much in attaining some of these qualities An 
electric glow-lamp does not vitiate the air. It does not throw 
into circulation in the air any product of combustion. The ques¬ 
tion of ventilation is very much reduced in importance and 
rendered more simple to effect. Much less air need passthrough 
our sitting-rooms and meeting-places. The air vitiated by our 
lungs can be easily withdrawn and fresh air can be forced in by 
fans worked by electric motors. Even tlie air during its entrance 
can be warmed, and impurities floating in it can be sifted out 
of it by the attraction of electrification. Heating by Dowsing’s 
luminous electric radiators is very much on the increase; they 
consume 250 watts, which cost about a halfpenny per hour. In 
many post-offices sealing-wax is melted and kept in a liquid 
state by currents. Water can be sterilised by ozone, a product 
of electrification, and even by the nascent oxygen, when broken 
up into its constituent elements by electric currents. Sea-water 
thus electrolysed supplies us with chlorine, and converts the 
water into a powerful antiseptic, disinfectant and deodoriser. 

Weaving . 

The applications of electricity toother industrial processes are 
innumerable. I have time to mention only one. Mr. T. A. B. 
Carver has brought out a new Jacquard loom for weaving ; 6co 
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hooks are controlled electrically. The twill as well as the pat¬ 
tern is under complete management. It has been warmly taken 
up in Glasgow, and a factory has been started there. 

The pattern on this cloth is woven directly from a photo¬ 
print of the artist’s design, mounted on a metallic sheet ; the 
threads of the warp being picked up by electromagnetic action, 
owing to the figure of the pattern being cut away, and thus 
allowing the circuit to be completed by the metallic sheet. 

Distinction between Physicists and Engineers. 

There is now a distinct line of demarcation separating the 
physicist from the engineer. The former dives into the un¬ 
known to discover new truths ; the latter applies the known to 
the service of man. Research is the function of the one ; utility 
that of the other. In the past the engineer had to rely on him¬ 
self for his facts, but the advance of modern science, the growth 
of technical education, the formation of laboratories, and the 
endowment of chairs have changed all that. 

We can scarcely hope for new sources of energy to be dis¬ 
covered, but there are some existing ones we have not touched 
yet. When the evil day arrives for our coal supplies to give out 
we may perhaps be able by the aid of electricity to utilise the 
heat of the sun and the tides of the ocean. There is, however, 
a vast illimitable store of energy not only in the rotation of the 
earth upon its axis, but in tlie internal heat of this globe itself. 
As we descend, the temperature gets higher and higher. It 
ought not to be difficult to reach such temperatures that by 
thermo-electric appliances we might convert the lost energy of 
the earth’s interior into some useful electric form. 


: THE SIGNIFICANCE OF THE INCREASED 
SIZE OF THE CEREBRUM IN RECENT 
! AS COMPARED WITH EXTINCT MAM- 

\ MAFIAS 

I TT has occurred to me that in order, at short notice, to take 

■ 1 part in the celebration of the Biological Society of Paris-- 

j however briefly — I might place before my colleagues a biological 
| problem and suggest a solution of it which, though not decisive, 

! has, I think, much in its favour, and raises many interesting 
! points for observation and discussion. It is well established 
1 that the extinct Mammalia of the Middle and Lower Tertiaries 
j had - -as compared with their nearest living congeners—an ex- 
| tremely smalt cerebrum. The exact figures are not important, 

I but Tilanotherium—a true Rhinoceros- -had certainly not more 
I than one-fifth of the cerebral nervous substance which is 
possessed by living Rhinoceros. Dinoceras representing a 
I distinct group of Ungulata had even a smaller brain. Yet in 
bulk these animals were as large as, or larger than, the largest 
living Rhinoceros. Further, it appears from the examination of 
the cranial cavities of extinct and recent Reptiles, that the 
increase in the size of cerebrum is not peculiar to Mammalia, 
but that we may assert as a general proposition that recent 
forms have a greatly increased bulk of cerebrum as compared 
with their early Tertiary or mesozoic fore-bears. 

It appears also that the relative size of the cerebrum in man and 
the anthrapoid apes may be cited here as a similar phenomenon ; 
the more recent genus Homo having an immensely increased 
mass of cerebral nerve-tissue as compared with the more ancient 
pithecoid genera. 

The significance of this striking fact—viz. that recent forms 
have a cerebral mass greatly larger than that of extinct forms 
(probably in every class of the animal kingdom)—has not been 
discussed or considered as it deserves. We cannot suppose 
that the extinct Rhinoceros, Titanotherium, was really defective 
in the essential control of its organisation by the cerebral nerve- 
centres. Probably could we see the two creatures alive side by 
side, we should not detect any defect in the manifestations of 
the nervous system in Titanotherium as compared with Rhino¬ 
ceros ; just as we do not remark any such' obvious inferiority 
when we compare a lizard and (let us say) a mouse. The 
organism with the lesser cerebrum is in each case, in spite of the 
smaller mass of cerebral nerve-tissue, an efficient and adequate 
piece of living mechanism. 

In what then does the advantage of a larger cerebral mass 
consist ? What is it that the more recent Mammalia have 

1 By Prof. E. Ray Lankester, F;R.S. Reprinted from the “Jubilee 
Volume of the Soci^tC de Biologic of Paris, 1899. 
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